The effect on sow milk of variable levels of cassava in lactating sow diets was analyzed in an attempt to explain the beneficial effects reported by producers of including cassava as a basal feed. Twenty crossbred lactating sows were randomly assigned to five dietary treatments. The treatments were: i) broken rice (BR) as the basal feed (BR100), ii) 50% of BR replaced with cassava chip meal (CCM) (CM50), iii) 75% of BR replaced with CCM (CM75), iv) CCM as the basal feed (CM100), and v) dried boiled cassava chips (CCB) as the basal feed (CB100). The hydrocyanide (HCN) content of CCB was reduced to be intermediate between HCN in the no cassava (BR100) and the 50% cassava (CB50) diets. Hydrocyanide was 0.54, 3.24, 4.41, 5.43 and 1.77 ppm in the BR100, CM50, CM75, CM100 and CB100 diets, respectively. Increasing cassava did not affect feed intake (p>0.05), but increased HCN intake (p<0.01). Milk composition was analyzed for protein, fat, lactose, solids not fat (SNF) and total solids (TS). Milk quality was analyzed for total microbes, coliform bacteria, thiocyanate (SCN¯), lactoperoxidase (LPO), and glutathione peroxidase (GPx) activity. At farrowing, sow milk composition was not affected by experimental diets (p>0.05), but milk SCN¯ increased as the intake of HCN increased in sows diets (p<0.01), r 2 = 0.96. At mid-lactation (day 14), milk composition was not affected (p>0.05). The milk quality levels of SCN¯ were 9.4, 10.3, 10.5, 11.6 and 9.1 ppm for the BR100, CM50, CM75, CM100 and CB100 diets, respectively (p = 0.01). The LPO contents were 16.41, 42.13, 51.42, 53.94 and 22.81 unit/L, respectively (p = 0.03). There was no GPx activity found in sow milk. When BR was replaced with cassava meal, total microbes and coliforms were reduced 78% and 87%, respectively, by the influences of HCN. The reported beneficial effects of cassava chip meal as a basal feed in lactating sow diets is manifested by improved performance of suckling pigs. This is due to beneficial, non-toxic levels of HCN in the diets. Besides passing HCN to suckling pigs in the form of SCN -, sow milk may also benefit suckling pigs with the observed (day 14) increase in lactoperoxidase content and reduction in coliform bacteria.
INTRODUCTION
Cassava root meal (Manihot esculent, Crantz.) is a lowcost basal feed ingredient in the tropics. It has a number of advantages for animal feeding including a high content of soft starch which rapidly absorbs water and is highly digestible in the upper digestive tract of animals. Cassava contains a natural content of lactic acid bacteria and yeast, a minimum mycotoxin contamination and a low, non-toxic content of hydrocyanide (HCN) which promotes good health in animals (Reas, 1996; Kanto and Juttupornpong, 2005; Promthong, 2005; Kanto, 2006) .
The HCN content in cassava, after entering the animal, is converted to thiocyanate (SCN -), an antioxidant that stimulates immunity (Utarak, 2008) . Buaphan (2003) showed that the increasing of cassava levels in total mixed ration diets of dairy cows significantly increased SCN -content and lactoperoxidase activity of the cow milk and inhibited bacteria in the milk. The higher SCN -content could activate the lactoperoxidase system (LPO-system) resulting in the production of unstable intermediates, which undergo a series processes affecting all microorganisms in milk and inhibiting bacteria metabolism. The lactoperoxidase system consists of SCN -, lactoperoxidase and H 2 O 2 . Lactoperoxidase reacts with SCN -to form hypothiocyanate (OSCN¯), a strong oxidizing intermediate, having potent antibacterial activity (Thomas et al., 1994; Welk et al., 2009) .
Presently, cassava meal is widely used as a basal feed ingredient in animal feeds, including breeding pigs in Thailand. The substitution of cassava for broken rice in breeding pig diets has shown a number of advantages, especially in health improvement of both the sows and the piglets under practical field conditions that allowed the minimum to no use of antibiotics or chemotherapeutics, an important benefit for food animal safety (Kanto and Juttupornpong, 2005; 2007) . However, there are limited studies to explain this improvement phenomenon. Therefore, the purpose of this study was to investigate the effects of variable levels of cassava in lactating sow diets on milk nutrient composition and milk quality, which could be part of the explanation for the beneficial effect on suckling piglet's health previously mentioned.
MATERIALS AND METHODS

Experimental materials and procedure
Twenty crossbred lactating sows were randomly assigned to five dietary treatments. The treatments were: i) broken rice (Oryza sativa) (BR) as the basal feed (BR100), ii) 50% of BR replaced with cassava chip meal (CCM) (CM50), iii) 75% of BR replaced with CCM (CM75), iv) CCM as the basal feed (CM100), and v) dried boiled cassava chips (CCB) as the basal feed (CB100). Cassava chip meal used in this experiment was prime quality clean cassava roots with no stems or woody parts. Roots were chipped into small pieces before sundrying. The cassava chips in the CCB had hydrocyanide (HCN) content reduced by soaking in water for 4 h, boiled for 1 h and sun dried for 3 d before mixing in the experimental diet. This followed the method of Egbe and Mbome (2006) except for soaking. Cassava chips were soaked in water for 4 h instead of 3 h to remove more HCN. The resulting HCN in the boiled cassava chip diet (CCB) was intermediate between HCN in the no cassava (BR100) and the 50% cassava (CB50) diets. Experimental diets were isocaloric and isonitrogenous and formulated to NRC (1998) recommendations as shown in Table 1 . The sows were targeted to be fed 3 kg/d one week before farrowing and increased to 6 kg/d two weeks after farrowing. Daily feeding times were 07.00, 09.00, 15.00 and 17.00 h. The sows were individually kept with their litters of suckling pigs in 1.7×2.0 m metal farrowing crates with feed and water provided ad libitum. Sows were crossbred Large White×Danish Landrace in their second to fourth parities and had normal body condition and mammary development. Milk samples were collected on days 1 and 14 of lactation by first activating milk ejection with 1 ml of oxytocin injected intramuscularly in the neck. Prior to milking the mammary gland was cleaned with 75% ethanol (Moore et al., 2000) . Two milk samples from each sow were hand collected in 20 ml vials. One sample was prepared for the milk composition analysis by adding 0.02 mg of sodium benzoate per 20 ml of milk. The other sample had no sodium benzoate added and was stored at 5°C for immediate bacterial analysis (Anekaviean, 1982) .
Experimental diets analysis
Feed samples were collected when diets were mixed, and analyzed for dry matter, ether extract, crude fiber and ash (proximate analysis), crude protein (Kjeldahl method), calcium (titration analysis), gross energy (bomb calorimeter), phosphorus content (Vanado-Molybdate colorimetric method). The HCN content in cassava and the experimental diets were determined by alkaline titration (AOAC, 1980; Khajarern, 1980) . The HCN content in prime sundried cassava chips (CCM) was 8.479 ppm which was more than the 3.4 ppm in cassava chip meal reported by Boonnop et al. (2009) . The HCN content of boiled cassava chips (CCB) was 2.144 ppm before grinding. Feed ingredients and chemical compositions of the experimental diets are shown in Table 1 .
Milk composition and quality analysis
The milk samples were analyzed for protein, fat, lactose, solids not fat (SNF) and total solids (TS) by using a Milko Scan B 133 (N Foss Electric, Denmark) milk analyzer. Total microbial count was measured by the technique of Houghtby et al. (1992) with 10 -3 to 10 -7 dilutions. Coliform bacterial count, with 10 -1 to 10 -3 dilutions was determined by the Christen et al. (1992) technique. The SCN -concentration was determined by a modified method of Cosby and Sumner (1945) . The percentage of trichloroacetic acid added before centrifuging was increased from 40% to 60% to allow better protein separation. The SCN¯ was measured at 460 nm absorbance with a GENESYS 20, spectrophotometer (Thermo Spectronics Corp., USA). The lactoperoxidase content (LPO) in sow milk was analyzed by the methods of Shindler et al. (1976) and Kuma and Bhatia (1999) . Glutathione peroxidase activity (GPx-activity) was determined by the methods of Chen et al. (2000) and Stagsted (2006) . Both parameters were measured at 412 and 360 nm absorbance, respectively, using the GENESYS 20 spectrophotometer.
Statistical analysis
Response variables were analyzed by GLM procedures of SAS (2003) using a completely randomized design. Significance of differences in mean values among dietary treatments was reported with p-values of the F test. Means were separated using the Duncan's test, with levels of significant set at p<0.05 and p<0.01, when p-values were significant (p<0.05). The relationships of HCN sow intake and milk quality parameters were determined with simple linear regression, coefficient of correlation (r) and coefficient of determination (r 2 ).
RESULTS AND DISCUSSION
Feed and hydrocyanide intake
The intake of sows was 4.7 to 5.1 kg/d for the first two weeks of lactation (6.0 kg/d targeted) which is in the range of 4.3 to 6.0 kg/d recommended by NRC (1998). Feed intake was unaffected by the levels of cassava in the diets (p>0.05). However, hydrocyanide (HCN) increased with increased levels of untreated cassava both pre-and postfarrowing (p<0.01). The HCN in the boiled cassava chip diet (CCB) was intermediate between HCN in the no cassava (BR100) and the 50% cassava (CB50) diets. Sows fed the CM100 diet had the highest HCN intake per day compared to the other diets (Table 2 ). This level of HCN did not reach 50 mg/d, the level considered toxic by Khajarern (1999) . Even though cyanide is toxic to animals, field experiences and the animal production industries in Thailand have never observed HCN toxicity from cassava chip meal (CCM). Good CCM that was cleaned, chipped (small pieces) and sundried 3 to 4 d until the moisture content was less than 13% had HCN contents of 22 to 30 ppm reported by Khajarern (1999) , 15 to 50 ppm reported by Poungpeach (2003) and 18.46 to 25.60 ppm by Ehiagbonare et al. (2009) .
The low HCN content in cassava chip meal is diluted even more in mixed diets. The low HCN in mixed diets can be neutralized by hydrolysis in the stomach resulting in free HCN, and H + +CN -. There are many mechanisms of animal HCN neutralization, but one main pathway occurs in the blood before entering the cells and the other is detoxification of HCN in the cells as show in Figure 1  (USAMRICD, 2010) . The SCN -is a less toxic compound (7 times lower than HCN) that is then excreted in urine and secreted in milk, as measured in this experiment. Moreover, animals controlled the equilibrium of HCN and SCN -at a ratio of 1:1,000 by the peroxidase system (Chutharatana, 2004) .
Composition and quality of sow colostrum
There were no treatment differences in colostrum composition which agrees with Darragh and Moughan (1998) and Verley and Wiseman (2001) who reported sow colostrum to contain 10.50% to 15.14% protein, 4.0% to 6.0% fat, 3.40% to 3.80% SNF and 21.50% to 25.00% TS. Sow colostrum increased in SCN -content with increasing levels of untreated cassava (p = 0.002). However the levels of SCN -in the colostrum of sows on diets CM50 was not different (p>0.05) from CB100 and BR100 but had similarly low concentration of HCN (Table 3) . There was no apparent activity of LPO and GPx in sow milk at parturition (p>0.05). This agree with Shin et al. (2000) reported low peroxidase enzyme content in human colostrum (0.004% of protein) and Klebanoff et al. (1966) showed no LPO activity until after five days. For sow colostrum, total microbial content or coliform content were not affected by experimental diets, ranging from 5.33 to 5.38 log 10 cfu/ml and from 2.05 to 2.27 log 10 cfu/ml, respectively. The total microbial contents agree with those of Leesmith (2004) for medium quality human milk ranging from 2.0×10 5 to 2.0×10 6 cfu/ml (5.30 to 6.30 log 10 cfu/ml).
Composition and quality of sow milk
At mid-lactation (day 14), dietary level of cassava had no effects on sow milk composition (Table 4) . These results are similar to those of Jackson et al. (1995) , Auldist et al. (2000) and Mavromichalis (2006) who reported that sow milk contained 5.00 to 5.50% protein, 7.10 to 9.13% fat and 5.00 to 5.60% lactose. Milk SCN -on day 14 was lower than on day 1. The SCN -content in sow milk at mid-lactation ranged from 9.08 to 11.62 ppm. As the level of untreated cassava increased in the diets, the level of SCN -in the milk increased (p = 0.01). However, the differences in SCN - (Table 4) are not as pronounced as the differences in HCN content (Table 2) . Nevertheless, regression indicated that 85% of SCN¯ in sow milk resulted from HCN in the diet (r 2 = 0.85 from Table 5 ). Dietary HCN is converted to SCN¯ in the liver and excreted in the urine as well as in other body secretions, including milk. Although the effects of dietary cassava on milk quality of lactating sows has not been reported previously, the results of this study are in good agreement with Kanchanapreuttipong et al. (1999) and Buaphan (2003 1 BR100 = 100% Broken rice (BR), CM50 = 50% BR+50% cassava chip meal (CCM), CM75 = 25% BR+75% CCM, CM100 = 100% CCM and CB100 = 100% boiled-dried CCM. 2 SEM = Standard error of mean.
3 p value = Significance of the F test of the GLM analysis. 4 SCN -= Thiocyanate. 5 LPO = Lactoperoxidase. 6 GPx activity = Glutathioneperoxidase activity. Where -is show, there was no activity even though parameters were analyzed. ab Means in the same row with different superscripts are different (p<0.01). cd Means in the same row with different superscripts are different (p<0.05).
Lactoperoxidase content in sow milk increased as HCN levels from cassava increased (p = 0.03) ( Table 4 ). Linear regression showed that 97% of LPO in sow milk resulted from HCN in the diet (r 2 = 0.97 from Table 5 ). Since SCN -is a substrate for LPO activity in animal milk, higher levels of SCN¯ in milk always result in higher LPO activity in the milk (Tahboub et al., 2005) . The results are in agreement with Buaphan (2003) who showed that LPO in milk of dairy cows fed cassava diets was higher (p<0.05) than those on corn diets. The high metabolic activity of sows during mid lactation produces a higher level of H 2 O 2 in the milk. This causes a higher LPO activity in the milk than in the colostrum (Klebanoff et al., 1966) . The minute amount of HCN intake is detoxified by a liver mitochondrial enzyme, rhodanese that activates HCN to combine with thiosulfate, S 2 O 3 = , yielding SCN¯ that is excreted into animal excreta and body secretions. The SCN -in milk plays a key role in LPO-system and has inhibitory effects on the microorganisms contained in the milk (Chang and Wood, 1971; Saidu, 2004) .
There was no GPx activity found in either colostrum or mid-lactation sow milk (Tables 3 and 4 ). In several reports on the activity of GPx in human milk, GPx were determined by an automated modification of the enzymatic coupled assay. This method has been developed for GPx in erythrocyte that contains mainly cellular GPx types. Debski et al. (1987) reported that GPx-dependent peroxidase activity was approximately one-third of the total peroxidase activity and found to be similar in human and bovine milk. In addition, Bhattacharya et al. (1988) and Abbe and Friel (2000) showed that GPx-activity in human milk was 16.6 U/mg and 73 to 86 mU/ml, respectively. However, those assays did not consider GPx form in milk that mainly contains extra-cellular GPx type. This is a lower rate constant of glutathione (GSH) and the reaction appears to be up to10-fold slower than the cellular GPx type (Chen et al., 2000) . Because there were no reports and specific methods to determine GPx activity in sow milk, this study used the recent methods of Chen et al. (2000) and Stagsted (2006) . The results showed no activity of GPx in sow milk which agree with Stagsted (2006) who reported that both GSH and GPx-activity were absent in bovine milk.
Moreover, Fox and Kelly (2006) reported that milk contains a low level of indigenous GPx. More than 90% of GPx is the extra-cellular type which has no known enzymatic function in milk, in which it binds 30% of total selenium, an important trace element in the diet. And also the level of GPx in milk varies with the species (human>carprine> bovine). Since this study used only the one method of Chen et al. (2000) , future research should examine other methods such as the coupled GPx-dependent peroxidase assay in milk.
When comparing experimental diets, there were no differences in total microbial content of mid-lactation sow milk (p = 0.31 from Table 4 ). However, regression showed that 78% of the decrease in total microbial content could be attributed to HCN in the diet (r 2 = 0.78 from Table 5 ). Similarly, 87% of the decrease in coliform content could be attributed to HCN in the diet (r 2 = 0.87 from Table 5 ). Losendahl et al. (2000) reported that bacteria in raw mature milk could be killed by the LPO found in milk. The activities of LPO in a system, together with SCN -and H 2 O 2 , catalyze the peroxidation of SCN -to make any one of the intermediate antimicrobials hypothiocyanite (OSCN¯), thiocyanogen or hypothiocyanous acid. All of these intermediates are unstable, the OSCN¯ is the main factor in the LPO-system that affects to all microbial groups. The antibacterial mechanism is related to the oxidation of vital sulfhydryl-containing metabolic enzymes by OSCN -. The oxidation of -SH groups in the bacterial cytoplasmic membrane results in loss of the ability to transport glucose and also in leaking of potassium ions, amino acids and peptides (Reiter and Harnulv, 1984; Thomas et al., 1994; Welk et al., 2009) . Gram negative bacteria such as coliform bacteria and salmonella are not only more readily inhibited by LPO, but also are killed if sufficient H 2 O 2 is provided chemically, enzymatically or by H 2 O 2 producing microorganism. Although mammalian cells can be damaged by LPO-derived oxidants, a 10-fold higher concentration of oxidant is required to kill them compared to Streptococcus viridians. Moreover, microbial structure is contained within the periplasm, which lacks GSH reducing agents that play a protective role in eukaryotic cells (Eastvold, 2005) .
In conclusion, cassava chip meal in lactating sow diets improves sow milk quality by the increasing thiocyanate and lactoperoxidase content and by reducing total microbes and coliform bacteria content while maintaining sow milk composition on day 14 of lactation. Cassava chip meal functions as a low-level, non-toxic source of HCN that improves animal health and milk quality of sows. It should be considered a necessary component in animal diets to at least 50% of the basal energy feed in the diet.
